ABSTRACT. The paper analyses the fatigue tests on specimens made of 16Mo3 steel and 6082-T6 aluminium alloy performed under bending and tensile conditions. It has been shown that in the case of bending of the 16Mo3 steel specimen, in low cycle fatigue (LCF) range, the fatigue life increases with respect to the results obtained under tension-compression conditions. On the other hand, in the case of the aluminium specimen, the load condition practically does not affect the fatigue life. Microstructural analysis revealed almost homogeneous fatigue cracks in the 16Mo3 steel samples which are practically elastic-plastic. The analysed 6082-T6 aluminium alloy belongs to the group of materials characterized by elastic and brittle properties. In the case of pendulum bending in the obtained images, it is possible to notice the clear pits at an angle of about 45 degrees relative to the surface of the breakthrough. They penetrate the broken specimen to about 33%. In the middle of the material, the bending plane is clearly visible, where the stress is constant and equals 0 MPa.
INTRODUCTION
n most cases, as far as a fatigue life analysis is concerned, only normal or tangential stresses are mentioned. Generally, the origin of such stresses is not taken into account. Normal stress amplitude  a may originate from tensioncompression, pendulum bending with a cantilever, three-point or four-point bending or rotary bending. Only in few studies, the differences in fatigue life resulting from a load condition [1 -5] were noted. As a consequence, a different fatigue life corresponds to the same strain or tension amplitude. In the study [6] it has been shown that the change of a bending plain itself by the angle of π/2 results in a change of fatigue life. Unfortunately no attempt was made to analyze this phenomenon in none of the cited studies.
I
The analysis of the impact of various load conditions (tension-compression and cantilever pendulum bending) on a fatigue life is made in this study. This analysis is carried out based on the elastic-brittle material (aluminium 6082-T6) and the elastic-plastic material (steel 16Mo3). The impact of the load condition on a fatigue life and a fatigue breakthrough structure is compared.
FATIGUE TESTING OF STEEL AND ALUMINIUM
he tests of two types of materials were subjected to analysis. The representative of the elastic-brittle material is aluminium alloy 6082-T6 and the representative of the elastic-plastic material is 16Mo3 steel used mostly in the power industry. The Tab. 1 presents the designation of these materials according to various standards. The second test stand (Fig. 1b ) is a prototype test stand. "Diabolo" type samples were used in testing, the shape and dimensions of which are presented in Fig. 2 . The tests in this case were carried out at the controlled lever inclination which is reflected (after rescaling) directly in the controlled amplitude of the total strain (εat). A bending moment amplitude was also registered in the course of testing. As fatigue life (N exp ) it was assumed that corresponding to a moment at which an inclination amplitude in the first case was increasing abruptly or in the other case, when the moment amplitude (Ma) was dropping rapidly (by 15%), what was T reflected in a crack with a size of about 1 mm visible on the surface. The outline of moment routes at the controlled strain amplitude is presented in Fig. 3 for aluminium 6082, and in Fig. 4 for steel 16Mo3 at the set constant strain amplitude. In all tests, the ratio of asymmetry was R=-1.
Smooth specimens with a constant cross-section of 10mm diameter were used for tension-compression tests. 
where:
a,t -total strain amplitude expressed as the sum of the amplitudes of elastic strain a,e and plastic strain a,p, All the characteristics were determined in accordance with the ASTM standard [16] . From the analysis of Fig. 3 and Fig. 4 it can be concluded that within a long period of time, the moment amplitudes are maintained at the constant level and then they drop abruptly. In case of the aluminium alloy the insignificant material cyclic strengthening can be observed, and in case of the analysed steel, cyclic weakening is also insignificant.
In case of the aluminium 6082-T6, these characteristics were determined based on the standard tests under the tensioncompression conditions and at cantilever pendulum bending, both at controlling of moment and strain. Whereas, in case of the steel 16Mo3, these characteristics were determined based on the standard tests under the tensioncompression conditions and at cantilever pendulum bending, controlled by strain. Note that the MCB strain characteristics in the event of bending may be determined only and exclusively with the pre-determined Ramberg-Osgood characteristic for tension-compression in the form of
where: K' -cyclic strengthening coefficient, n' -cyclic strengthening exponent. This characteristic is needed for determining elastic-plastic strains in the event of bending at the controlled moment and for dividing the strain amplitude into an elastic part and plastic part at bending and strain controlling [14] .In case we have data from uniaxial tension-compression, Ramberg-Osgood equation constants (2), i.e. K' and n', we can separate an elastic and plastic part of the strain amplitude. Fig. 5 indicates that in the event of the analysed aluminium alloy, the load type does not influence fatigue life. Thus, it is possible to determine a combined fatigue characteristic for three load conditions under analysis. This is completely different in the case of 16Mo3 steel (Fig. 6 ). Even when considering scatters of experimental data, characteristic for fatigue process, the differences in results of tension-compression and bending tests are significant. As mentioned in the introduction the impact of load conditions can be observed in the steels but not in aluminium alloys [19] . The biggest influence on this difference has the effect of stress gradient change in specimens which is different for those two materials. The gradient is linear for aluminium, which acts as a brittle material while in the case of elasto-plastic steel the gradient is nonlinear. While analysing the results presented in this figure, we can notice that fatigue life for steel depends on the load type. This impact is greater as the strain amplitude increases. Whereas, as load decreases, this impact also decreases and it is not noticeable at the fatigue life level at approx. 10 5 cycles. 
THE ANALYSIS OF FATIGUE CRACKING AT PENDULUM BENDING
fter fatigue testing, under pendulum bending conditions, of samples made of two analysed materials, fatigue breakthroughs were analysed. This analysis proceeded along two paths. Firstly, fatigue scraps were reviewed in macroscopic and microscopic terms ( Fig. 7 and Fig. 8 ). The analysis of the scrap obtained indicates that in the case of steel, a neutral plain passes through the geometrical half of the sample. In the point of maximum tensions, the traces of the initiation of fatigue cracks with fine pits can be observed. In case of aluminium, a neutral plain also passes through, approximately, the geometrical centre of the sample, however, it is not as clear as in case of the analysed steel. Yet, in this case, there are clear pits oriented at the angle of 45° towards the breakthrough surface. Such a cracking manner is described, inter alia, by Schijve in the study [17] .
A However, in case of the tests analysed, these pits are slightly of a different nature. The pits visible in Fig. 9 are in the shape of double shear lips and they run from the external surface to approximately 2/3 along the line perpendicular to the bending plain. This cracking manner was anticipated and described in the study [18] . These pits are better visible in a microscopic photo. Such pits cannot be observed in the case of the tested steel, what is presented in Fig. 10 . Fig. 11 presents the outline of material cracking from the surface. In the first stage, cracking develops at the angle of 45° and is determined by static tensions. In the second stage, cracking takes place at the angle of 90° to the free plain and it is consistent with the normal tension direction. For the aluminium alloy analysed, the stage I dominates; while stage II dominates in the case of steel. This is confirmed by the fatigue breakthroughs of the analysed materials. 
CONCLUSIONS
1. Aluminium alloy 6082-T6 fatigue life is not dependent on load types and it may be described by one fatigue characteristic in the complete life range. 2. Steel 16Mo3 fatigue life depends on the load type. Within the scope of a low number of cycles, the strain characteristic for bending is higher than the characteristic for tension-compression. As the number of cycles increases towards destruction, it approaches the one determined for tension-compression.
3. Fatigue scrap, during the pendulum bending of cantilevered samples made of aluminium 6082-T6, is characterized by double shear lips, and cracking is dependent on the stage I determined by tangential tension. 4. Fatigue scrap, during the pendulum bending of cantilevered samples made of steel 16Mo3, is characterized by an uniform structure, and the cracking process is dependent on the stage II determined by normal tension.
